Acute necrotizing pancreatitis accounts for 10% of acute pancreatitis (AP) cases and is associated with a higher mortality and morbidity. Necrosis within the first 4 weeks of disease onset is defined as an acute necrotic collection (ANC), while walled off pancreatic necrosis (WOPN) develops after 4 weeks of disease onset. An infected or symptomatic WOPN requires drainage. The management of pancreatic necrosis has shifted away from open necrosectomy, as it is associated with a high morbidity, to less invasive techniques. In this review, we summarize the current management and therapies for acute necrotizing pancreatitis. Clin Endosc 2017;50:357-365
INTRODUCTION
Acute pancreatitis (AP) is the twelfth most common gastrointestinal presentation to the emergency department (ED) in the United States. 1 The number of ED visits with AP has increased by 12% since 2006 with a 0.5% mortality rate. 1 AP can be mild, moderate, or severe. While mild pancreatitis is commonly self-limited, severe pancreatitis can be associated with the development of complications such as parenchymal/ peripancreatic fluid collections and necrosis ( Fig. 1 ). Severe AP is defined by single or multiple organ failure lasting more than 48 hours, and is associated with a mortality rate as high as 25%. 2, 3 Acute necrotizing pancreatitis is diagnosed when more than 30% of the gland is affected by necrosis and accounts for 5% to 10% of pancreatitis cases. 2 The Revised Atlanta classification is used to classify pancreatic fluid collections that develop following AP. 2 When fluid collections arise within 4 weeks of the diagnosis of pancreatitis and are without any solid or nonliquefied components, they are referred to as acute pancreatic fluid collections (APFCs). When fluid collections arise from necrotizing pancreatitis and contain both fluid and necrotic material, they are referred to as acute necrotic collections (ANCs). After 4 weeks of diagnosis an APFC may develop into a pancreatic pseudocyst (PP) with a well-defined enhancing wall. Walled off pancreatic necrosis (WOPN) results when the ANC matures and develops a wall after 4 weeks. These collections can be present within the pancreatic parenchyma, adjacent to it, or both; they can be sterile or infected. 4 While sterile necrosis is associated with 5% to 10% mortality rate, the mortality rate increases to 20%-30% when necrosis becomes infected. [5] [6] [7] Thus, early recognition and institution of appropriate therapy is necessary. In the setting of necrotizing pancreatitis, the necrosis most commonly involves both pancreatic and peripancreatic fat tissue (75%-80%). In some instances, the necrosis can be limited to the pancreas alone (5%) or to the peripancreatic fat alone (20%). 8 Isolated peripancreatic necrosis carries a better prognosis when compared to pancreatic parenchymal necrosis 9,10 An early contrast-enhanced computed tomography (CT) may fail to reveal necrosis within the first few days, however, a contrast enhanced CT after the first week revealing non-enhancing pancreatic parenchyma is considered to be pancreatic necrosis. A WOPN can be asymptomatic or symptomatic, sterile or infected. The diagnosis of the latter is crucial for early institution of antibiotics and further interventions as needed. CT findings suggestive of an infection include the presence of extra-luminal gas, but some clinicians believe that a definitive diagnosis can only be confirmed when a percutaneous image guided or endoscopic ultrasound (EUS)-guided fine needle aspiration (FNA) is positive for bacterial/fungal stain or culture. 11 A recent Asian consensus statement on endoscopic management of walled-off necrosis refuted the concept that an image guided FNA is indispensable for the diagnosis of infected walled off necrosis. 12 No predisposing factors have been validated to increase the risk of development of pancreatic necrosis, however, the most common etiology of necrotizing pancreatitis is gallstones (40%-48%), followed by alcohol consumption (24%-27%).
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NECROTIZING PANCREATITIS: MANAGEMENT AND TREATMENT
The initial assessment of AP should involve determining disease severity and whether signs of organ failure are present. This acuity will dictate admission to the regular floor versus an intensive care unit. A patient with AP should undergo a workup for the etiology of pancreatitis with attention to any signs of biliary obstruction and or cholangitis that might warrant an urgent endoscopic retrograde cholangiopancreatography (ERCP).
The first step in management of AP is aggressive intravenous fluid hydration to maintain intravascular volume, as well as pancreatic and systemic perfusion. Antibiotics have no prophylactic role in preventing infection and failed to show benefit in sterile pancreatic necrosis.
14 Their use is thus reserved to patients with highly suspected or confirmed infected pancreatic necrosis. Providing adequate nutritional support is a crucial component in treating patients with necrotizing pancreatitis. Patients are usually kept nil per os (NPO) with early feeding if pancreatitis is mild and oral intake can be tolerated.
Patients with more severe disease have been traditionally kept NPO for concerns of inducing pancreatic enzymes, further aggravating inflammation. However, we have learned that the increased catabolic state associated with severe pancreatitis and the lack of nutritional support are associated with high mortality.
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Nutritional support and enteral feeding
Total parenteral nutrition (TPN) was the standard of care for patients with severe AP, however enteral nutrition beyond the ligament of Treitz was found to be more beneficial. A large Cochrane meta-analysis revealed that enteral nutrition was superior to TPN in severe AP with reduction in infectious complications, length of hospital stay, and overall mortality. 16 Therefore enteral nutrition is preferred over TPN with early institution of feeding (within 48 hours) preferred over late, however the exact timing remains debatable. 17 According to the guidelines of American Society for Parenteral and Enteral Nutrition (ASPEN), European Society for Parenteral and Enteral Nutrition (ESPEN) and American college of Gastroenterology (ACG), early institution of continuous enteral nutrition in patients with severe pancreatitis improves outcomes and decreases infectious complications. [18] [19] [20] Early enteral nutrition can moderate the excessive immune response during the early stage of severe AP. 21 The concept of pancreatic rest have rendered naso-jejunal feeds the preferred modality, however nasogastric feeds have been shown to be non-inferior and safe. 22 A randomized controlled trial comparing nasogastric to nasojejunal feeds is currently under study. 23 A new randomized controlled trial comparing enteral nutrition to nil per mouth in patients hospitalized for AP showed that early enteral nutrition had no significant reduction in persistent organ failure or mortality when compared to the no nutritional support group. 24 However, in this trial, patients with local or systemic complications were classified as a subgroup and not included in the severe acute pancreatitis group (SAP) according to the Revised Atlanta classification. The inclusion of this subgroup in the SAP might be the reason why enteral nutrition was beneficial in the previous studies. Therefore, further studies are needed to determine whether this will change the management of patients with severe AP. Few studies have been published in regards to the optimal enteral nutrition formula, including elemental (monomeric), semi-elemental (oligomeric), or polymeric. [25] [26] [27] Although elemental and semi-elemental formulas cost about 400% more than polymeric formulas, they are still used because they are believed to cause less exocrine pancreatic stimulation in patients with pancreatitis because of their low fat content, and the presence of free amino acids instead of intact proteins which bind to free trypsin in the gut. 28, 29 In their meta-analysis, Petrov et al. concluded that polymeric formula, compared with semi-elemental formulation, is not associated with a higher risk of feeding intolerance, infectious complications, or death in AP patients. 30 The addition of supplements to enteral nutrition such as arginine, glutamine, ω -3 polyunsaturated fatty acids, and prebiotics is not recommended despite few studies showing positive impact on outcome. [31] [32] [33] [34] [35] [36] [37] Studies on the addition of probiotics to enteral nutrition to decrease infectious complications have been contradictory and the benefits of probiotics remain controversial. The combination of enteral nutrition and probiotics, also called eco-immunonutrition, showed reduction in inflammatory markers when compared to enteral nutrition alone. 38 However, other studies have showed increased mor-tality with the use of probiotics and thus their use in patients with severe AP is not routinely recommended.
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Approaches to drainage of necrotic collections
Two thirds of necrotic pancreatic collections are sterile and will resolve with conservative management, while the remainder will become infected and will require further intervention. 41 Thus, the most important factor to guide further interventions is the presence of symptoms or infected necrosis. Indications for intervention in each stage of the necrotic collection are as follows: ■ A sterile ANC with presence of symptoms, such as abdominal pain or mechanical obstruction: intervention should be delayed preferably for 4 weeks or longer. 42 ■ An infected pancreatic fluid collection: dictate drainage, endoscopic drainage should be preferred over radiology whenever possible due to better drainage and decreased risk of percutaneous fistula, and over surgery because of high morbidity and mortality. 42 ■ An asymptomatic WOPN and a sterile ANC do not require intervention regardless of size, because these may resolve spontaneously over time. 42 The three well established approaches for drainage are surgical, radiological, and endoscopic. Over the last two decades the paradigm has shifted away from surgical intervention to radiology and finally endoscopy with an emphasis on less invasive approaches.
Surgical
Open necrosectomy used to be the standard approach for treating infected pancreatic necrosis. This approach is associated with high morbidity and mortality rates (up to 95% and 25%, respectively), as well as debilitating complications such as entero-cutaneous and pancreatico-cutaneous fistula formation. 43, 44 With the development of minimally invasive surgery, minimally invasive pancreatic surgeries have evolved and laparoscopic approaches to treat pancreatic necrosis have proved efficacy with a survival rate as high as 85%. 45, 46 The laparoscopic approach is associated with a lower incidence of new onset organ failure post-operatively when compared to the open approach. 47, 48 The currently used technique is laparoscopic necrosectomy, using a retrogastric transmesocolic or retroperitoneal approach to the lesser sac. 49 Another alternative after the placement of the percutaneous drain would be a videoscopic-assisted retroperitoneal debridement (VARD), where a small 5 cm subcostal incision is made to allow larger pieces of solid debris to be removed. The PANTER trial assigned patients with pancreatic necrosis and infected necrosis to either primary open necrosectomy or a step up approach, where a percutaneous drain was initially placed followed by minimally invasive retroperitoneal necrosectomy when needed. It showed that a minimally invasive step up approach was associated with a lower rate of major complications and death when compared to open necrosectomy. 50 The step up approach has proven its efficacy since most necrotic collections are percutaneously accessible and large pieces of necrosis can be removed; however, there is risk of developing a chronic pancreatico-cutaneous fistula with this approach.
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Percutaneous
The percutaneous approach can be used as a primary therapy or as an adjunct therapy for endoscopic or surgical drainage. The percutaneous drain is placed using ultrasound (US) guidance with fluoroscopy or CT guidance. Access using the retroperitoneal approach is preferable to the transperitoneal approach with fewer complications. It also facilitates the step up approach. A 12 French drain is left in place and irrigated three times a day with sterile water. The drain can be upsized if needed. A systematic review showed that percutaneous approach alone was successful in 55.7% of patients without need for another surgical intervention, with a mortality of 15.4% in cases of infected necrosis. 52 The PANTER trial showed that percutaneous drainage without subsequent necrosectomy was achieved in only 30% of cases. 50 In another study, the percutaneous approach using the step up approach achieved only 25% resolution of WOPN when compared to direct endoscopic necrosectomy (DEN), with 92% resolution rate. 53 Ideally, any intervention should be delayed to allow for better demarcation and liquefaction of the necrosis after the onset of disease (usually after 4 weeks). However, a recent study showed better outcomes with less organ failure and in-hospital mortality when percutaneous drainage is performed early in the course of necrotizing pancreatitis. 42, 54 In their systematic research on timing of catheter drainage in patients with infected necrotizing pancreatitis, van Grinsven et al. showed no relation between the timing of intervention and mortality or length of hospital stay, though one study revealed a lower rate of pancreatic endocrine insufficiency and a higher rate of pancreatic exocrine insufficiency with early drainage. 51, 55 An international consensus on the timing of intervention with percutaneous drainage does not exist yet and practice among experts varies. The POINTER trial, a randomized controlled trial by the Dutch Pancreatitis Study Group is currently ongoing and aims to compare immediate and delayed catheter drainage in an attempt to further improve the outcome of these severely ill patients.
56
Endoscopic When the endoscopic approach is used, the necrotic collection is punctured through the gastric or enteric wall under US guidance. An FNA needle or needle knife can be used as an initial puncture device. The tract is then dilated and stented. The first endoscopic approach to treat necrosis was described by Baron et al. in 1996 . 57 Before the introduction of metallic stents, the procedure involved placement of plastic stents with irrigation using a nasocystic drain without mechanical debridement of the necrotic cavity. The success rate was estimated at 81% using this technique. 57 Seewald et al.
then introduced the concept of mechanical debridement via tract dilation and insertion of the scope into the tract (Fig. 2) . 58 The success was higher with a 91% resolution rate. Since then, multiple studies and trials have proved the efficacy of this approach. Mechanical debridement can be performed using a snare, net or basket. DEN can be performed from a single site with some studies revealing that the use of multiple sites for drainage can improve success rate. [59] [60] [61] Hydrogen peroxide used during necrosectomy was also evaluated in retrospective studies and was shown to be effective in reducing the number of sessions and the need for external irrigation.
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The endoscopic approach can be used as a primary treatment for WOPN or as a step up approach after percutaneous drainage. The TENSION trial will compare a surgical step up approach versus an endoscopic step up approach. 64 However, the pilot PENGUIN trial showed that DEN is associated with a reduction in pro-inflammatory response, namely serum interleukin-6 levels, and lower rates of pancreatic fistulas and new-onset multi-organ failure when compared to minimally invasive surgical necrosectomy. 65 Throughout the years and with advances in technology, multiple metallic stents have emerged and have been used in DEN. [66] [67] [68] [69] [70] [71] The recent development of large lumen-apposing metal stents (LAMS) has led to a shift in paradigm, creating a real transluminal conduit permitted DEN. 71, 72 Similar to the treatment of pancreatic fluid collections, it is always important to determine the integrity of the pancreatic duct (PD) since PD disruptions are associated with worse outcomes.
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Fully covered self-expandable metallic stents
The first metallic stents that were used for pancreatic necrosectomy were biliary fully covered self-expandable metallic stents (FCSEMS), which provided a larger diameter for drainage when compared to plastic stents; however, these did not allow the passage of an endoscope for debridement. 74 On the other hand, esophageal FCSEMS have a larger lumen allowing for mechanical debridement using the endoscope with reported resolution rate ranging between 88% and 90% in small single center studies. 69, 75 Both biliary and esophageal FCSEMS carry a risk of migration.
Lumen-apposing metal stents LAMS were developed with the aim of reducing the rate of migration and have a dog bone shape with double-flange, allowing apposition of the walls of the cavity and enteric wall (Fig. 3) . Its wide diameter enables the passage of an endoscope for necrosectomy. It has proven its efficacy in draining pancreatic fluid collections. Its role in pancreatic necrosis is not well defined and limited to a small number of studies. 76 A recent retrospective multicenter case series by Sharaiha et al. in which 124 patients with WOPN underwent endoscopic transmural drainage using LAMS revealed a technical success of 100% and a clinical success rate of 86.3% at 3 months follow up (Figs. 4-7) . 71 The stents remained patent in 94% of patients with a migration rate of 5.6% .The median number of endoscopic interventions was 2 (Fig. 8) . LAMS definitely offer a promising future for DEN. A LAMS mounted on a cautery tipped delivery system, AXIOS-EC (Boston Scientific, Natick, MA, USA), has also been demonstrated to have a high success rate (92.5%) in draining pancreatic fluid collection including WOPN.
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Pancreatic duct exploration
The main pancreatic duct (MPD) can be affected in necrotizing pancreatitis and partial or complete disruption of the MPD must be recognized and addressed. In a recent retrospective study analyzing factors and outcomes associated with MPD disruption in patients with acute necrotizing pancreatitis, PD disruption was estimated to occur in up to 38% of cases. Extensive necrosis, refractory pancreatic fluid collections, persistence of amylase-rich output from percutaneous drainage, and amylase-rich ascites/pleural effusion were associated with MPD disruption. 78 Other retrospective studies have also shown that PD disruption is associated with severe pancreatitis and pancreatic necrosis. 73, 79 Patients with disrupted duct are also at higher risk of recurrent pancreatitis. 80, 81 Early recognition of MPD disruption is necessary since it is not only associated with worse outcomes but also prolonged hospital stay. 78 According to Jang et al., complete MPD disruption is associated with a lower success rate of endoscopic transpapillary stenting and a higher frequency of surgical treatment when compared to partial MPD disruption. 78 Ductal imaging using magnetic resonance cholangiopancreatography (MRCP) or ERCP is an important step in managing patients with necrotizing pancreatitis. Although no guidelines exist about the regular use of ERCP in patients with necrotizing pancreatitis to diagnose PD disruption, the procedure should be tailored to patients who carry the above-mentioned risk factors, namely recurrent pancreatitis and persistent collections. Jang et al. also found that MRCP is a good non-invasive tool to assess PD with a sensitivity of 80% when compared to ERCP. 78 Others report a lower sensitivity with MRCP since small ductal disruptions can be missed. To overcome this limitation, secretin stimulation before MRCP can increase the sensitivity of detecting PD disruptions.
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CONCLUSIONS
Acute necrotizing pancreatitis carries a high rate of morbidity and mortality. Early recognition and close monitoring of affected patients is crucial. Treatment consists of aggressive intravenous fluid resuscitation, pain control, and institution of enteral nutrition as early as possible. While sterile necrosis might resolve with above conservative measures, infected necrosis requires further intervention. The collection is classified according to the Revised Atlanta classification. ANC corresponds to collections that are less than 4 weeks old without a capsule, while WOPN are encapsulated collections. Indications for drainage or necrosectomy of these collections include suspected infection or symptomatic collection. Initially, the most widely used approach to infected necrosis has been Step-Up Approach
Step-Up Approach Pancreatic Duct Leak (PD leak)
ERCP with PD stent Step-up approach Step-up approach
Resolve
Direct endoscopic necrosectomy open surgical necrosectomy, however treatment has evolved and shifted towards minimally invasive techniques such as percutaneous drainage, minimally invasive surgeries, and finally endoscopic necrosectomy. Endoscopic necrosectomy offers the advantage of internal drainage, avoiding both surgical procedures (associated with high morbidity) and external drainage (with possible fistulae).
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